Objective: The objective of this study was to evaluate dentoskeletal effects in the treatment of Class II malocclusion performed with the Herbst appliance in patients at post-peak stage of growth.
INTRODUCTION
The Herbst appliance has been widely used for treating Class II malocclusions due to its great effectiveness. 10 Besides allowing stimulation of mandibular growth, the treatment performed with the Herbst appliances promotes redirecting of maxillary growth, mesial movement of mandibular teeth and distal movement of maxillary teeth. 9 All the aforementioned factors are relevant for both treatment and correction of the Class II malocclusion.
Most studies evaluating the skeletal and dental efects of the Herbst appliances are conducted in patients at the pre-peak stage of growth. 8, 9, 20, 21 On the other hand, studies on the Herbst appliance in patients at the postpeak stage of growth have been widely accepted by the orthodontic community, due to the fact that it may inluence the growth of bone bases within a shorter period of time. 13, 17, 18 However, these studies are less frequent in the scientiic literature. 1, 4, 11 The objective of this study was to evaluate skeletal and dental effects of the Herbst appliance for treating Class II malocclusion in patients at the post-peak stage of growth.
MATERIAL AND METHODS

Material
This clinical study was approved by the Research Ethics Committee (REC) and all patients signed an informed consent form authorizing the use of their orthodontic records for research purposes. The sample was retrospectively selected and initially comprised all patients with Class II malocclusion treated by one of the authors using the Herbst with Cantilever Bite Jumper (CBJ) appliance, combined with ixed appliances (Fig 1) . A total of 28 patients were initially selected, among which 16 were selected to compose the sample according to the following inclusion criteria: 1) Patients without previous orthodontic treatment; 2) No tooth losses up to the permanent irst molars; 3) Complete orthodontic records at the onset (T 1 ) and completion (T 2 ) of orthodontic treatment; 4) Patients at post-peak stage of growth at treatment onset, as analyzed on carpal radiographs; 5) The treatment of all patients should be performed without extraction of permanent teeth.
The sample consisted of 32 lateral cephalograms obtained at the onset (T 1 ) and at the completion of the orthodontic treatment (T 2 ), and 16 dental casts obtained at the onset of the treatment (T 1 ) of 16 patients (10 females and 6 males) with Class II malocclusion (14 patients with Class II, division 1 malocclusion; and 2 patients with Class II, division 2 malocclusion). These patients presented median initial and inal ages of 14.04 (interquartile deviation of 3.68; amplitude of 11.50-35.66) and 17.14 (interquartile deviation of 4.07; amplitude of 13.68-38.64) years, respectively, and were treated for an mean period of 2.52 years (SD = 1.00). They also presented mean overjet of 6.7 mm, evaluated on the initial dental casts (T 1 ). Considering the severity of anteroposterior relationship between the dental arches, four patients presented ½ Class II, four patients presented ¾ Class II and eight patients had complete Class II. Criterion adopted to classify them as patients at post-peak stage of growth was the evaluation of skeletal maturation stages of the median phalanx of the third inger on carpal radiographs. The patients were considered as patients at post-peak stage of growth when the radiographic interpretation comprised the stage in which the epiphysis did not present the width of the metaphysis up to the stage with complete fusion of epiphysis and metaphysis 7, 16 ( Table 1 ). Class II malocclusion treatment with the Herbst appliance in patients after the growth peak original article All patients in the sample initially received a ixed Roth appliance with 0.022 x 0.028-in slot, and the dental arches were aligned and leveled until a 0.019 x 0.025-in rectangular stainless steel archwire would passively adapt itself to the slot of all brackets. Ater alignment and leveling, the Cantilever Bite Jumper (CBJ) appliance was placed to correct the anteroposterior Class II relationship observed between molars. The CBJ is a system composed of four stainless steel crowns, for the maxillary and mandibular irst molars, respectively, and a cantilever soldered to the crowns of mandibular irst molars, extending itself in the anterior direction towards the premolars and canines, to position the pivot of the mandibular arch. The maxillary pivots are soldered to the external aspect of the maxillary crowns and also constitute the system of telescopic tubes and two pistons, which promotes anterior positioning of the mandible by ixing the appliance with screws. Therefore, the Herbst appliance is indicated for cases with Class II division 1 malocclusion when the main problem is mandibular retrognathism, with anterior teeth without marked crowding or ater alignment with ixed orthodontic appliances, preferably with lingually tipped mandibular incisors. 14 A transpalatal bar in the maxillary arch and a Nance lingual arch in the mandibular arch were placed for anchorage.
Methods
Lateral cephalograms
In order to evaluate the dentoskeletal changes of the Herbst-CBJ appliance, lateral cephalograms obtained at treatment onset and completion were analyzed. All radiographic images were obtained with the lips at rest and in maximum intercuspation, aided by a Broadbent cephalostat in order to standardize the position of the head. All lateral cephalograms comprising the sample were obtained in three different devices and the magnification of each device was determined for greater accuracy. The different types of devices presented distinct percentages of magnification, ranging from 8.2% to 11.13%.
Cephalometric tracing and achievement of measurements
The lateral cephalograms were digitized in a resolution of 9600 x 4800 dpi in a Microtek ScanMaker i800 scanner (Microtek International, Inc., Carson, CA, USA) and connected to a Pentium microcomputer. The images were transferred to the Dolphin Imaging Premium 10.5 sotware (Dolphin Imaging & Management Solutions, Chatsworth, CA, USA), through which the cephalometric points of interest were identiied and measurements involving planes and lines were obtained. . Systematic errors were evaluated by the dependent t-test 2, 6, 15 .
Comparison of cephalometric measurements between initial (T 1 ) and final (T 2 ) stages
The Kolmogorov-Smirnov test was used to verify if the cephalometric data obtained at treatment onset (T 1 ) and completion (T 2 ) presented normal distribution. The results revealed that some cephalometric variables did not present normal distribution. Thus, the non-parametric Wilcoxon test was applied to compare the changes between initial (T 1 ) and final (T 2 ) stages. All statistical tests were conducted on the Statistica software for Windows 7.0 (Stat Soft Inc., Tulsa, Oklahoma, USA) and the results were considered statistically significant for p < 0.05.
RESULTS
Four variables (SN.GoGn, LAFH, 1.NA and 6-MP) presented systematic error (p < 0.05) and the amplitude of casual errors ranged from 0.13 (1-PP) to 1.25 (A-Nperp).
The results of the Kolmogorov-Smirnov test revealed that the following cephalometric variables did not present normal distribution of data: SNA, SNB and SN.Ocl at treatment onset (T 1 ) and SNA, SNB and SN.GoGn in treatment changes (T 2 -T 1 ) ( Table 2 ).
In Table 3 it can be observed that: » The maxillary component was not inluenced by the treatment performed with the Herbst appliance. Class II malocclusion treatment with the Herbst appliance in patients after the growth peak original article nificant extrusion during treatment, as evaluated by the 1-PP variable.
» The mandibular incisors presented buccal tipping and statistically significant protrusion (1.NB, 1-NB and 1-AP).
» The mandibular molars presented statistically signiicant extrusion (6-MP).
» The overjet, overbite and molar relationship were signiicantly reduced with treatment.
» The efective mandibular length (Co-Gn) presented statistically signiicant increase with the Herbst appliance.
» The Herbst appliance did not provide any improvements in the maxillomandibular relationship.
» The SN.Ocl and LAFH variables presented statistically significant increase, in which the occlusal plane presented clockwise rotation, with consequent increase of vertical dimension.
» The maxillary incisors exhibited statistically sig- 
DISCUSSION
Sample selection
The use of fixed functional orthopedic appliances in patients at post-peak stage of growth has been demonstrated in the orthodontic literature. Additionally, the use of these appliances has been encouraged in patients in the descending growth curve. This treatment modality presents some advantages when compared to treatment of patients at pre-peak stage of growth, for instance, a better occlusal stability, due to the fact that all permanent teeth are erupted, thus allowing better intercuspation in a Class I relationship 7 . Moreover, the retention time is reduced because the residual growth after active treatment is smaller 7 . However, the studies found in the literature have been conducted with a small number of patients, Class II malocclusion treatment with the Herbst appliance in patients after the growth peak original article similarly to this study. 1, 4, 11 Notwithstanding, considering the strict inclusion criteria, especially inclusion of patients at post-peak stage of growth, only, and the difficulties inherent in longitudinal studies, a number of 16 patients may be considered satisfactory.
Dentoskeletal changes promoted by treatment
The cephalometric evaluation of dentoskeletal effects of the treatment revealed that the CBJ does not promote signiicant restriction of anterior displacement of the maxillary component (Table 3) , similarly to previous studies. 19 However, these efects on the maxilla are not in agreement with other authors who conducted similar studies using ixed functional orthopedic appliances. 8, 12 Distension of the musculature that holds the mandible in constantly advanced position causes transmission of the action of this muscular force in posterior direction on the maxilla, thus promoting restriction of maxillary growth. 5 This action on the maxilla was not evidenced in this study because all patients in the sample were at post-peak stage of growth and, thereby, the anteroposterior growth of the maxilla had ceased.
Considering the mandibular component, the effective mandibular length (Co-Gn) presented a significant increase of 4.15 mm between initial (T 1 ) and final stages (T 2 ) ( Table 3 ). This result was expected and agrees with previous studies. 7, 9 This increase in mandibular length provided by the appliance presents individual variability and depends on the skeletal maturity of the patients at the onset of orthopedic treatment. 4, 11 The absence of a control group compatible with the patients treated in this study did not allow differentiation between the real effect of the Herbst appliance and the mandibular growth.
In the maxillomandibular relationship, no signiicant improvements were identiied in the bone base relationship, even though the ANB variable presented a slight reduction of 1.40 o (Table 3 ). These results demonstrate that the Herbst appliance, when used at post-peak stage of growth, presents more compensatory action than real correction of the anteroposterior discrepancy in patients with Class II malocclusion. 7 A previous study demonstrated that, in patients at postpeak stage of growth, 37% of the correction of Class II molar relationship derives from skeletal changes and 63% from dental changes, while the overjet involves 27% of skeletal changes and 73% of dental changes. 7 With regard to the growth pattern of the patient, both SN.Ocl and LAFH variables presented statistically significant increase, suggesting clockwise rotation of the occlusal plane with consequent increase in vertical dimension (LAFH) ( Table 3) . These results agree with previous findings that reported increase in vertical dimension of the patient due to treatment performed with the Herbst appliance. 8, 12 The Herbst appliance was constructed in modified occlusion with increase of the interocclusal space between the posterior teeth, which is common in the fabrication of such appliance, thus allowing extrusion of posterior teeth with consequent increase in vertical dimension and clockwise mandibular rotation. 10 Additionally, the mandibular molars (6-MP) exhibited significant extrusion of 2.65 mm ( Table 3) .
The evaluation of the maxillary dentoalveolar component did not reveal any significant changes in the tipping and position of maxillary incisors, except for the 1-PP variable that evidenced significant extrusion of these teeth with the treatment (Table 3) . Considering the effects on maxillary molars, the results demonstrated that these teeth did not present significant changes both in horizontal (6-PTV) and vertical directions (6-PP) ( Table 3) . A previous study revealed distal movement of 0.5 mm of the maxillary incisors, which was less important to the correction of the molar relationship and overjet. 9 The evaluation of the mandibular dentoalveolar component revealed that the mandibular incisors presented significant and marked buccal tipping (1.NB) as well as protrusion of these teeth in the mandible (1-NB and 1-AP). The mandibular molars also exhibited significant extrusion with the treatment (6-MP), which explains more clearly the clockwise rotation of the occlusal plane and the increase of 5.00 mm in the LAFH (Table 3) .
The inclination and protrusion of mandibular incisors is widely reported in the literature and occurs as a function of the telescopic mechanism of the Herbst appliance which produces a force directed towards the mandibular anterior region and the mandibular teeth. 7, 8, 12, 13, 16 The treatment effects are more evident in the evaluation of dental relationships. The significant reductions in overjet of 3.10 mm, in overbite of 2.25 mm and in molar relationship of 2.55 mm are changes that original article Alvares JCC, Cançado RH, Valarelli FP, Freitas KMs, Angheben CZ contribute to the correction of anteroposterior and vertical discrepancies in patients with Class II malocclusion (Table 3) . These results are a consequence of the combination of dental and skeletal changes promoted by the Herbst appliance 7, 12 .
CONCLUSION
Based on the present results, it was concluded that effects of treatment performed with the Herbst appliance in patients at post-peak stage of growth are of predominantly dentoalveolar nature.
